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REMARKS 

Reconsideration is respectfully requested. Claims 1-4 are 
present in the application. Claim 1 and 2 are amended herein. 

Entry of the amendment herein is respectfully requested. 

In the remarks submitted with the response December 17, 
2007, which was not entered, a mis-translation was found in the 
translation of reference material 4, FIG. 6, wherein the term 
"accommodate force" should have been translated to read "membrane 
stress". This correction is made herein, so the attached 
reference material 4 with this supplemental response is 
corrected. 

Claims 1-4 and 10 are rejected under 35 U.S.C. §112, first 
paragraph, as allegedly failing to comply with the enablement 
requirement. Applicants respectfully traverse. 

The Examiner asserts that the concept of the first internal 
stress and the etching stop layer having a lower internal stress 
than the first internal stress, is not supported by the 
specification. While the Examiner does note that page 11 line 18 
to page 12, line 4 of the English specification teaches the 
following: 

The etching stop layer 7 used in the present invention 
functions as an etching stop layer during the dry-etching of 
the front-side silicon membrane 2. The etching stop layer 7 
is made of a material which provides a lower internal stress 
to the etching stop layer 7 after formed, i.e. one selected 
from a group consisting of Cr, Ti, Ta, Mo, W, and Zr and 
nitrides, oxides, and oxynitrides of these metals. 
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The internal stress of the etching stop layer 7 for 
preventing the deformation of the silicon membrane 2 is 
preferably in a range from -10 MPa to +10 MPa. Minus "-" 
represents the compression stress and plus "+" represents 
the tensile stress. 

The thickness of the etching stop layer 7 is in order of 
100 nm to 1 urn and can be formed by way of sputtering 
technique or CVD technique so as to control its stress. 

The Examiner asserts that this is not sufficient to enable 
one skilled in the art to practice the invention. 

Applicants respectfully assert that the disclosure is 
enabling. That is, it is a well-known technique that film stress 
can be controlled by adjusting gas pressure and the like in a 
sputtering method (see attached reference material 4, Japanese 
patent 2,613,646, granted Feb. 27, 1997, FIG. 6 for example). 

A partial translation of that document is as follows: 

FIG. 6 shows a relationship between a 
sputtering gas pressure of Xe and a Ta film 
stress when a Ta film with a thickness of 0.7 
urn is formed by using Xe gas as sputtering 
gas at a substrate temperature of 200°C, a 
high frequency output of 660 W, and a 
substrate bias potential in a floating state 
( + 6 to + 7 V) . 

While it is noted that with respect to a sputtering 
condition that stress of a stop layer becomes from -10 Mpa to +10 
Mpa is not described in the present invention, nevertheless, an 
optimum value of the sputtering condition (gas pressure and the 
like) becomes different depending on a sputtering device and mask 
size, therefore a numerical value itself has no meaning. As long 
as the fact that stress of film formation changes by changing gas 
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pressure and the like is known, the optimum value can be obtained 
by optimization operation. 

Therefore, it is understood that a detailed numerical value 
for the condition is not necessary. 

In fact, such detailed numerical value is not included in 
the HOYA cited reference, EP 1 065 566 (Hoya Corporation) . 

By definition, internal stress is not determined only by 
materials, and significantly varies depending on film forming 
method and the like. 

In general, a film with low stress is obtained by utilizing 
this nature of varying internal stress. 

In view of the above, it is respectfully submitted that the 
specification is enabling and withdrawal of the rejection under 
section 112, first paragraph, is respectfully reguested. 

Claims 1-4 and 10 are rejected under 35 U.S.C. §102 (b) as 
allegedly being anticipated by or under 35 U.S.C. §103 (a) as 
being obvious over Hoya, EP 1 065 566. Applicants respectfully 
traverse . 

The Examiner states that he is unable to discern any 
significant difference between the applicant's claimed invention 
and the Hoya Corporation reference, and that the burden is on the 
applicant to show the difference. On page 6 of the office 
action, the Examiner puts FIG. 3 of the applicant's drawings next 
to FIG. 15 of Hoya's drawings, and states that layer 55 appears 
to be much the same as layer 39 of applicant's. While it was 
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submitted before to the Examiner that Hoya's layer 55 would not 
meet the language of the claims of having lower internal stress 
than said first internal stress, the Examiner seems unpersuaded. 

Applicants respectfully assert differences between the 
present invention and the HOYA cited reference. 

Aspects of the present invention are: 

1. In manufacturing of an EPL mask (stencil mask, through 
type mask) , an etching stop layer is essential in order to carry 
out etching with high precision. (A desired shape is not 
obtained. ) 

2 . Provided, however, that in a method that uses a 
conventional BOX layer (intermediate oxide film layer) as the 
etching stop layer, positional accuracy cannot be maintained due 
to variation of stress before and after pattern formation. 

3. In view of the above, the present invention attempts to 
remove the BOX layer having high compressing stress, and (takes 
trouble to) provide a stop layer having low stress in place 
thereof (in order to achieve the object, steps rather become 
complicated) . 

4. Objects of using the stop layer are limited to the 
following : 

(i) Used as a stop layer at the time of etching (acting as a 
cover to prevent etching gas and reactant gas from leaking) ; and 
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(ii) Preventing generation of position aberration due to 
stress change between before and after the pattern formation 
(existence or nonexistence of the stop layer) . 

Therefore, the stop layer is removed at the time a mask is 
used (unnecessary material) . 

With respect to this point, the present invention is 
significantly different from a scatterer supporting layer of the 
HOYA invention (SCALPEL mask, membrane mask, and scattering-type 
mask) . 

This point is described in Exhibit 2, attached, which 
answers the questions raised by the Examiner in page 6 of the 
office action. 

Therefore, applicants respectfully submit that the rejection 
of applicants' claims as being identical to the SCALPEL mask are 
not sustainable. 

Materials (Cr, Ta, Mo, W, and Zr, and nitrides, oxides, and 
oxynitrides of these metals) of the stop layer in claim 2 are 
different from the materials of a pattern supporting layer in 
Hoya. Therefore, claim 2 is patentable. 

In light of the above noted amendments and remarks, this 
application is believed in condition for allowance and notice 
thereof is respectfully solicited. The Examiner is asked to 
contact applicant's attorney at 503-224-0115 if there are any 
questions . 
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It is believed that no further fees are due with this filing 
or that the required fees are being submitted herewith. However, 
if additional fees are required to keep the application pending, 
please charge deposit account 503036. If fee refund is owed, 
please refund to deposit account 503036. 
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Exhibit 2 

Response to Question of the Examiner (Office action Page 6) 



Reference document 3 

Yamashita, J. Vac. Sci . Technol . B 18(6), pp. 3237(2000) 
Document about the SCALPEL mask and SCALPEL system 
I. In INTRODUCTION, there is description with respect to a 
comparison (difference, advantage, disadvantage) between 
the SCALPEL mask and the stencil mask. 
FIG. 1 shows a comparison between (a) SCALPEL mask and (b) 
stencil mask. 

FIG. 2 shows a comparison between (a) SCALPEL system and (b) 
EB stepper system 
Mainly (refer to TABLE 1), 

Stencil mask: has good resolution; however, an isolated 
pattern is not available (mask division and overlay exposure 
are necessary) 

SCALPEL mask: has inferior resolution; however, an isolated 
pattern is available (no restriction on patterns) 
IV. In MEMBRANE PREPARATION, there is description about stress 
control. 

The description merely describes that "film stress is 
controlled by process conditions (film forming speed, 
temperature process, and the like)". 

- Although the present invention also does not describe 
details of the sputtering conditions, we believe this does 
not lead to insufficient disclosure. 



Page 10 RESPONSE (U.S. Patent Appln. S.N. 10/737,393) 



Reference Material 2 



The HOYA cited reference is about a blank of the SCALPEL mask. 
On the other hand, the present invention is about a blank of the 
stencil mask. 

5 The SCALPEL mask includes a pattern supporting layer 55, and 

therefore can be provided with an isolated pattern. However, in 
order to support an electron beam scattering layer 52 against 
gravity, the pattern supporting layer 55 has suitable tension stress 
(FIG. 1) . 

10 

On the other hand, in the stencil mask, a pattern layer 
(silicon thin film layer 32) itself is a self-holding film, 
therefore an etching stop layer 39 does not need to have a function 
to support the pattern layer (that is, the suitable tension stress 

15 is not necessary) . 

Provided, however, that since it is the stencil mask (since 
it is through-type) , the etching stop layer needs to be removed 
by when it is completed as a mask. Then, it is necessary to prevent 
a position of a pattern from changing between existence and 

20 nonexistence (before and after the removal) of the etching stop 
layer. 

Nevertheless, it has been difficult to reduce the fluctuation 
of the position of the pattern in a conventional method of utilizing 
a silicon oxide film as the etching stop layer. This is because 
25 the silicon oxide film has high compressing stress (FIG. 3) . 

In view of the above, in the present invention, the silicon 
oxide film is removed, and an etching stop layer having low stress 
is provided in place thereof, thereby resolving the problem (FIG. 
2) . 
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jigh-performance membrane mask for electron projection lithography 

KiSSlplr Laboratory, NEC Corporation, 1120 Shimokuza.a, Sahara, 
Kanagawa229 U98, Japan 

R&D Cem^HOYA Corporation, 3280 Nakamam, Nagasaka, Kitakoma, 

Sll™ ^ NEC Cordon, X ««« ^ 

Kanagawa 229-1198, Japan 

(Received 1 June 2000; accepted 25 August 2000) 

AMgh-perfoon^ membra mask forctectro - ,«ho » P H> RW Mg. « mp ^ 

in this article consists of a 600 -nm-lhick diamond-Ilk^ of the 
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L INTRODUCTION 
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Ira l md Ibc tencil h ve been proposed Be )- The 
HfsCALPEL membrane mask consists of three layers of thin 
' films typically a 150-nm-thick SiN membrane, a 10-nm- 
Cr etching stopper, and a 50 i i-thic ^ <H. i 
. stencil mask consists of a 2- thick Si scatterer with 
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ask structure was designed by using electron scattering 
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simulations is explained. Finally, the extremely thin prepared 
membrane is shown. 

II. CONCEPT OF HIGH-PERFORMANCE 
MEMBRANE MASK 
A. Mask properties 

W« ehose the m«»brane-type mask b " 1 '' 

, has pattern i terns or n i mask spl 
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, il , ^ s t ! f t these requifeme) h em 
and scatterer materials are selected and the mask structure is 

referable membrane will be made of a low density 
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posed membrane mask takes the merits of both the mem 
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1.13 ra»a Table I. Comparison of masks for EPL systems. 




brane and stencil-type masks, that is, the membrane supports 
only the unsupported, unstable, or fragile scatterer features. 

B. Energy distribution 

Energy distribution of the mask-transmitted electrons is 
very important because an energy spread, AE. due to the 
i , ittering in a t may imil' in i 
aberration and degrade the resolution of exposure ay stems. 
Because of this, the beam semi angle, a, will be limited and 
the energy loss affects not only the resolution but also the 
throughput. Particularly, a plasmon loss near zero loss char- 
acterizes the energy distribution of the mask-transmitted 
electrons. More strictly, the number of electrons at and 
around the plasmon loss is very important. We can increase 
the beam semiangle and the beam current by reducing the 
intensity of the plasmon loss. Therefore, is very important to" 

n u tt encr> 1 tt wit o be te t 1 s in n 
brane performance and may determine the thickness. To this 
end, we conducted Monte Carlo simulations and direct mea- 

ut s of th i ist n h ransmitted 
electrons. The experimental results will be presented else- 
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Approx 20 eV 
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Approx 22 eV 
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Unnecessary 





When the membrane thickness is much greater than the. 5 
mean, free path under a given condition, the continuous slow- : 
ing down approximation (CSDA) can be used to calculate! 
t • m - ' h tt nition. When the thickness is comparable .teg 
the mean free path, however, elementary process models r< t ' 
t h i m tic elf s( ttering events have to be used 
t 1 ulate it We used a commercially available Monte Carlpj 
simulator, VS-M/EB, from Fuji Research Institute Corpora- 
tion. In the electron-scattering simulation, the following four; 
el .ii i procc • if^ looted inner-shell electron exci- • 
tation t ! i' xcitat i electron exci 

tation, and plasmon excitation. 7 f 

The energy distributions calculated for 150- and 30-ran-| 
thick Si membranes are shown in Fig. 3. By reducing the 
membrane thickness, the intensity of zero loss, / zeK ,, be - 
comes lur^c and that of the fint plasmon loss, I pi . becomes : 

„. i Hht ii b Simei we tbicknc ■ u M 

, , V nm, the I„ 0 increases from 31.5% to 76.9% \ 

(the percentage to the total incident electron number, 
i0 ! if) mil tlx . decre ises from 2.1% (6.7% of the I ZC J 
lo 1 .0% (1.3% of the /^J. The intensity of the first plasmon [ 
energy loss relative to that of zero loss Up]/ 1 wo) becomes 
1/5. This intensity reduction allows the use of a large beam 
semiangle and improves the resolution and throughput of the 
EPL systems. The thinner membrane is better in terms of the 
election transmission and the energy spread. 

111. MASK STRUCTURE DESIGN 

A. Calculation of angular distribution 

To determine the optimum thickness of the membrane and 
calculated the angular distributions of the mask- 
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transmitted electrons by using the in-house Monts Carlo 

nmhnr i i nilnwil,! (fdl t 

masks. i0 A screened Rutherford scattering cross section 
was used as an elastic scattering model. The electron scatter- 
ing for various materials for the SCALPEL mask was inves- 
tigated in detail and reported by Mkrtchyan et gl. n In our 
mi 1 tio s, v - UmhI Si as the material ri membrane and 
scatterer because it has a low density and has been a standard 
material for EB masks. 9 " 11 Figure 4 shows the cumulative 
electron transmission, T (%), as a function of aperture semi- 
angle, 0 (mrad), for various thickness of Si, / (am.), under an 
r.ccelcrating voltage, V^, of 100 kV. The transmission is a 
percentage to the irradiated electron number. 

Figure 5 shows the transmission as a function of Si thick- 
ness when the aperture semiatigle is 2 mrad, which corre- 
sponds to a beam semiangle of 8 mrad at the wa a lor 
4X optics. The change in the transmission is monotonous in 
an aperture semiangle range, from 0 to 5 mrad as shown in 
Fig. 4. The transmission decreases with increasing Si thick- 
ness and becomes almost zero when the thickness is 600 nm. 
A thinner membrane is obviously better in terms of electron 
transmission, but the mask fabrication process must be taken 
into account when determining the optimum membrane 
thickness. 



B. Material selection 

We evaluated various membrane materials, such as 
B-doped Si, diamond-like carbon (DLC), and SiC. The op- 
tional intermediate layer (5-10 nm thick) would be an etch- 
ing stopper made of a material such as amorphous Si, SiC, Ti 
or TiCrN t . And the top layer must be a rather thick scatteiei 
made of a material such as Si or DLC. 

We sought the best material by using the flexural rigidity 
to evaluate mechanical strength. The flexural rigidity of a 
square film supported on four sid. i 1 L-^mai ,i O and 
given by 

D^-Et* 112(1 -v*), (!) 

where £ is the Young's modulus, t is the film thickness, and 
v is the Poisson ratio. Here, we define Et 3 as the self- 
supporting index, rr msy for a membrane at <„ = A/3, where 
the transmission, 7' ra = eK p(- 1/3) = 72%, 

<T n ~Et 3 m ~E(ABf, (2 ) 

and for a scatterer at t,=3A. where 7 s = exp(~3)=5% i 

cr t =£^=E(3A) 3 . , ( 3 ) 

A is an elastic scattering mean free path under the given 
conditions. The Poisson ratio is negligible beams.- ii sin,. 
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Ta (Tatic! 
Si {!(«)) 
Diamond 



is very small. The self-supporting index is given by the musk 
structure and the material used. The mean free path (MFP) ts 
ated using a density turning that die MFP of Si is 
150 nm at 100 kV. Typical mau iropc-H md the self 
supporting indexes are listed in Table II. DLC film grows m 
the Frank- van der Merwe (monolayer) growth. So it is the 
only one of these materials that can be an extremely thin 
membrane, and others grow in Volmer-Wwe, (.mr.lwrion) 
j, Heavy metals such as W and Ta have great scalar 
, kv, it iheii mechanical strength is less than that of 
die other' materials. A DLC scatterer, on the other hand is 
. strong enough to be self-supporting. We therefore selected 
DLC as the best material for both the membrane ami the 
scatterer. The ciectricui conductivity of a DLC scatterer can 
be increased by doping, so an additional conductive layer is 
not necessary. As a suitable material for the etching stopper, 
amorphous Si can be used. 
C. Optimum mask structure 

The density of DLC is close to that of Si, so that the result 
shown in Fig. 4 can be used to estimate the optimum thick- 
ness. With regard to the scatterer thickness, the minimum 



and optimum thickiwss is t> 



s of the beam o 



trast, C, on the wafer. If the scatterer is less than 600 nm 
thick, the contrast decreases. And if it is thicker than this, it 
{' '"becomes heavy and loads the membrane with im, elf- 
supported features such as the doughnut pattern. With the 
optimum mask structure, electron transmission of up to 80% 
and beam contrast of 100% can be expected with an appro- 
priate limiting aperture. The rather thick scatterer, bat much 



thinner than the Si stencil mask with a low density material 
gives high mechanical strength to the mask The properties 
of the proposed mask, light on the ultimate (EPL) system 
(LOTUS), are listed in Table I. 

IV. MEMBRANE PREPARATION 

The three-layer high-performance membrane mask de- 
scribed here can be prepared by chemical vapor deposition 
(CVD) or sputtering processes. Extremely thin membranes 1 

re down t n thick wee v. ullvp.es 

bv using a CVD process, shown in Figs. 6(a) without and 
6(b) with stress control. The film stress was controlled by 
process conditions such as deposition rate and thermal treat- 
ment. The Young's modulus and the density of the stress- 
, n .Had membrane were measured to be 170 GPa and 2.4 
W.-in 1 respectively, ami the seli-siippurtuu mde* is esti- 
mated to be 20 pNrn. This thickness is equivalent to 22 nm 
H \LP L Si.N i) 1 in terms o " < 

, , !t . ii that DLC films may be prone to 

due to hydrogen content Therefore, the 
hydrogen density should be less than W at 9 The mem- 
brane preparation process will be presented elsewhere. We 
will pursue exposure experiments using the proposed masfc. 
The results will be also reported in a later publication. 



V. CONCLUSIONS 

We designed a high-performance 



lembrane mask for 
lithography. It consists of a 600-nm-thick 
DLC membrane 30-60 




fesa 1 - m 

X/C. .V,.V". ~~ 



Fio 6 Optical i ii i i > < ' ,0 ,m 

thick DLC membrane prepared by CVD: (a) without. 
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L (Jack. A 1-mm-sq membrane down to 30 nm thickness 
gjd be successfully prepared. Electron transmission of 
■£» and beam contrast of 100% can be expected with an 
v 1 ting aperture By reducing the membrane 
"cltness. the iateiu.it> oi the zero-loss elections will bz in- 
d and the first pbsmon loss will be reduced. This will 
x the use of a large beam semiangle and as a result 
l^pK . lit i ulul'oi .i i tghput of the exposure sys- 
" is simultaneously. The high-performance membrane mask 
shed light on ultimate EPL systems. 
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Partial translations of th e Reference data 4 

(1) (11) Patent No. 2,613,646 

(24) Date of Grant, Feb. 27, 1997 

5 

(2) FIG. 6 shows a relationship between a sputtering gas pressure 
of Xe and a Ta film stress when a Ta film with a thickness of 0.7 
um is formed by using Xe gas as sputtering gas at a substrate 
temperature of 200°C, a high frequency output of 660 W, and a 

10 substrate bias potential in a floating state (+6 to +7 V] . 
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151 (a) Wsi^T, *ffi»21f*)fc:tt. «AK*> 
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Hz) *t|Bf|3>7 i >-!J-29*^UTSS«SnTl>*. $ 
fc, ±gH^I623tt, SKS*230SS^S^«S*J1/^ 
24 1 m tet £ <k "5 \Z L X 1 gEStgsfvJP ^"24 1 25 i: © 
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